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[DOCUMENT NAME] SPECIFICATION 
[TITLE OF THE INVENTION] TITANIUM DIOXIDE 

PHOTO CATALYST 
TBUCTURB AND METHOD 
FOE PRODUCING THE SAME 

[CLAIMS] 

[Claim 1] A titanium dioxUe photocatalyst 
structure. characterised by comprising at least a 
titanium dioxide film that ha* photoeatalytie activity 
and has light transmittal corresponding to light having 
a wavelength of 550 urn. ^hich is not less than 50 *, and 
is formed on a transparent subatrate- 

[Claim 2] The titanium dioxide photocatalyst 
structure according to claim 1, wherein the titanium 
dioxide fibn is 0.1 to 5 * m in thickness. 

[Claim 3] The titanium dioxide photocatalyst 
structure according to claim 1 or 2. wherein the titanium 
dioxide film contains at least an anatase cryetaL 

[Claim 4] The titanium dioxide photocatalyst 
structure according to claim 1, 2 or 3, wherein a precoat 
film having transparent is disposed between the 
transparent substrate and the titanium dioxide film. 

[Claim 5] Tie titanium dioxide photocatalyst 
structure according to claim 4, wherein the precoat film 
is 0.02 to 0.2 M » in thickness. 

5 
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[Claim 6] The titanium dioxide photocatalyst 
structure according to claim 1, 2, 8, 4 or 5. wherein the 
transparent substrate is made of glae*. 

[Claim 7] The titaninm dioxide photocatalyst 
atructure according to claim 4, 5 or 6, wherein the 
precoat film is made mainly of Si02. 

[Claim « A method fot producing a titanium dioxide 
photocatalyst structure recited in claim 1. 2, 3, 4, 5, 
6 or 7, characterised by comprising a producing process 
which indndes the step of forming a titanium dioxide 
film on a transparent substrate by performing a pyro-sol 
method, a dipping method, a printing method or a CVD 
method. 

[DETAILED DBSCBIPTION OF THE INVENTION] 
[0001] 

[Field of Industrial Application] 

The present invention relates to.a titanium dioxide 
photocatalyst structure that has excellent photocatalytic 
actions and light transmissivity and enables members of 
various substances, which particularly require 
transparency, to have photocatalytic actions. The 

present invention further relates to a method for 
producing such a titanium dioxide photocatalyst 

structure. 
[0002] 
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[Prior Art) 

Heretofore. there have been known photocatalysts 
that exhibit activities, by which the decomposition and 
oxidation of substance* are accelerated, when irradiated 
^itb light. Recently, attempts or the like have been 
O »ada to remove air pollutant. «ch as snlfar «rfd« and 

nittogen oxides by utilising the photocatalysts. 
• Moreover, attempts have been farther made to use titanium 
dioxides as the photocatalysts (see, fox example, 
Japanese Patent Laid-Open Nos. 6-385/1994, 6-49677/1994 
and 6-39286/1994 Official Gazettes and so on). 
[0003] 

By the way, in recent years, there has been a 
gzowing interest in globally environmental pollution. 
Meanwhile, the demand for removing substances such as COS, 
+ N OX and SOX has grown. Moreover, a plan for creating 
amenity space by eliminating toxic substances has been 
devised. Thus, the demands for deodorizing living space 
and for making the living space antibacterial, soil, 
resistant and mildew-proof have grown increasingly. 
[0004] 

It is accordingly conceived that the aforementioned 
titanium-dioxide photocatalyst is utilised for removing 
such pollutants. However, in the case of the 
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conventional titanium dioxide photocatalysts. generally, 
gaseous or liquid materials to be treated are introduced 
into a container accommodating the photocataljst and are 
thus made to be in contact with the photocatalyst. and 
simultaneously, light is introduced from the exterior 
thereto and is applied onto the photocatalyst. 
10005] 

Further, in such a case, for the purposes of 
increasing the contact area between tbe material to he 
treated and the photocatalyst and of efficiently applying 
the light onto the photocatalyst, attempts or the like 
have been made to produce the photocatalyst in minute- 
particle form or to hold the photocatalyst on a 
transparent base materiaL 

£0006] 

[Problems to Be Besolved by The Invention] 
However, in the case of the aforementioned 
conventional titanium dioxide photocatalyst, although the 
contact area between the photocatalyst and the material 
to he treated can be increased by, for instance, 
producing the photocatalyst in minute-particle form, the 
effective area of the photocatalyst. by which light is 
received, cannot he increased very much. Consequently, 
it is difficult to largely enhance the total catalysis 
effects thereof. 
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[0007] 

Further, in the case where the titanium dioxide 
photocatalyst is fomed in film form on, fox example, a 
glass substrate or the like, the titanium diotfde 
photocatalyst itself has low transparency. This is 
because it has been heretofore considered that methods 
suitable for forming a photocatalyst in On form to 
thereby obtain practical photocatalysis are limited to a 
method of forming a titanium dicdde sol on the substrate 
by sintering and to a method of producing titanium 
dioxide in fine ponder form, dissolving the powder by 
using a hinder and then applying the dissolved powder 
outo the substrate. However, in the case of employing 
the former method, a photocatalyst. which has high 
activity and a certain measure of transparency, can be 
obtained, though it is necessary for obtaining the film, 
whose strength is sufficient for practical use, to set a 
sintering temperature at a value which is not lower than 
the softening temperature of glass. Thus.atleast.it 
is possible t- form the photocatalyst on the glass 
substrate. Besides, regarding the light transmissivity. 
this photocatalyst tends to become clouded. It is 
difficult for this photocatalyst to transmit visible 
light to such an extent that the transparency can be 
obtained. In this sense, this photocatalyst is close to 

9 
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opaque. In contrast, in the case of the latter method, 
although the step of sintering is unnecessary, the 
photocatalyst becomes douded and opaque because fine 
titanium dioxide powder is applied to the substrate. . 
[0008] 

Further, in the case of titanium dioxide produced in 
film form by performing a ael-gel method and CVD method 
which have been well known in the field of such a kind 
heretofore, the transparency can be ensured, whereas the 
activity of the catalyst, which has a practical level, is 
not obtained. 

[0009] 

Thus, all of the conventional titanium dioxide 
photocatalysts, which exhibit the photocatalytic 
activities of practical levels, are substantially opaque. 
Therefore, even in the case that this conventional 
pkotocatalyst is formed oa. for example, the front 
surface of a transparent glass substrate or the like, 
light applied from the back surface of the glass 
substrate cannot effectively reach the front surface 
portion of the photocatalyst. Consequently, only light 
applied from the front surface portion, on which the 
photocatalyst is not formed, of the substrate can be 
utilised. Hence, in the case that the cleaning of indoor 
air is performed by forming this photocatalyst on. for 
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instance, the surface of window pane, it naturally 
follows that the photocatalyst is formed on the surface 
of ibe glass, which faces the We of a room. Thus, 
only liffht applied from the inside of the room that can 
be utilised for obtaining the pbotocatalytic activity. 
Consequently, there has been a serious defect that 
sunlight cannot be utilised therefor. 
10010] 

Thus, in the case of the conventional titanium 
dioxide photocatalyst. titanium dioxide itself, ^hich 
performs the photocatalysis, is substantially opaque. 
Consequently, there occurs a limit to the enhancement of 
the pbotocatalytic activity. Moreover, the range of 
application of the photocatalyst is extremely limited. 

[0011] 

The present invention is accomplished against the 
aforementioned background. . The present invention aims at 
providing a titanium dioxide photocatalyst structure that 
has excellent pbotocatalytic actions and light 
transnussivi* and enables members of various substances, 
^hich require transparency particularly, to have 
pbotocatalytic actions and further aims at providing a 
method for producing such a photocatalyst structure. 

£0012] 

[Means for Resolving The Problems] 
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To solve the aforesaid problem, in accordance with 
the present invention, there is provided a titanium 
dioxide photocatalyst structure (Structure I) which 

comprises: 

at least a titanium dioxide film having 
photocatalytic activity and Eght transmittance. which is 
not less than 50 % for light having a wavelength of 550 ' 
no, is formed on a transparent substrate. 

As an emhodiment of Structure 1. there is provided 
a photocatalyst structure (Structure 2), wherein the 
titanium dioxide film is 0.1 to 5 u m in thickness. 

As an embodiment of Structure 1 or Structure 2, 
there is provided a photocatalyst structure (Structure 

3) , wherein the titanium dioxide film contains at least 
anatase crystals. 

As an embodiment of one of Structure 1 to Structure 
8, there is provided a photocatalyst structure (Structure 

4) , wherein a pxecoat film having transparency is 
disposed between the transparent substrate and the 
titanium dioxide film. 

As an embodiment of Structure 4. there is provided 
a photocatalyst structure (Structure 5), wherein the 
pxecoat film is 0.O2 to 0.2 M »*n thickness. 

As an embodiment of Structure 1 to Structure 5, 
there is provided a photocatalyst structure (Structure 



12 



Received at: 5:13JW, 10/1/2002 

I.OCT. 2002,11:31 



ST QOBAIN 00148395562- 



N2097 



» » • • • 

* m « • • ♦ 

•> ft ■ •> « •> 



• • • • • 

• • * • 



6) , wherein the transparent substrate is made of Bias*. 

As axx embodiment of one of Structure 4 to Structure 
6, there is provided a photocatalyst structure (Structure 
U wherein the precoat film is made maialy of Si02. 

[0018] 

*,rther, in accordance with the present invention, 
^ there is provided a method (Structure 8) for ptodncing a 

titanium dioxide photocatalyst structure which is one of 
• Structure 1 to Structure 7. I* the case of this method, 
the titanium dioxide photocatalyst structure is produced 
by performing a producing process which includes the step 
of forming a titanium dioxide film on a transparent 
substrate by performing what is called a pyro-sol method, 
a dipping method, a printing method or a CVD method. 
[0014] 

^ [Operation] 

^ lB accordance with the foregoing Structure 1, at 

least a titanium dioxide film that has photocatalytic 
activity and light transmittance corresponding to light 
having a wavelength of 550 n». which is not less than 50 
%, is formed on a transparent substrate. Thereby, the 
titanium dioxide photocatalyst structure can have 
excellent pnotocatalyti* action and optical 
transmissivity. Moreover, the titanium dioxide 
photocatalyst structures can be used as members composing 
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various structures such as a glass window, which are 
•specially required to have light transmieeivity, 
[0015] 

This is owing to the fact that as a result of 
setting the titanium dioxide film * such a manner that 
^ light transmittal corresponding to light having the 
wavelength of 550 *m is «ot less than 50 K, the 
substantially increasing of light irradiation efficiency 
reouired to obtain photocatalytic activities can be 
easily achieved and simultaneously, the transparency 
corresponding to visible light can be ensured. Namely, 
if setting the titanium dioxide film in such a manner 
that the light transmittals corresponding to light 
having the wavelength of 550 nm is not less than 50 %. 
ihe titanium dioade film inevitably has the 
*ansmiasivity corresponding to light, which gives the 
photocatalytic activity (and which has the wavel-gth of 
about400 «»>. in such a way that the degree of the 
txausmissivity is sufficient to effectively utilise light 
applied thereto from the front and back thereof. 
Therefore, when both of the front and back surfaces of 
tHa titanium dioxide photocatalyst structure are 
irradiated with different light, respectively, the light 
«ys respectively coming from both of the surfaces 
hereof reach the surface portion, which is in contact 
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window pane, sunlight can be extremely utilized. 
Moreover, especially, in the owe of applying the 
photocatalyst structure of the present invention to a 
building ox the like, in which glass materials are highly 
used, of the type that has become common in recent years, 
the photocatalyst structure of the present invention ha* 
Weesurable advantages in cleaning the living space. In 
addition, the photocatalyst structure of the present 
invention can be applied to a class door or the like of 
a Bbelf, which includes the door or the like, for 
s torSng, for instance, precision devices such as a camera 
which should be kept away from molds and corrosion. 
Thus, ihe range of application of the photocatalyst 
stmcture of the present invention is extremely wide. 

[0016] 

In accordance with the foregoing Structure 2, a 
tfcaainm dioxide film having sufficient photocatalytic 
activity and simultaneously having the light 
t^sauttan**, which is not less thau 50 94 
correspondingly to light having a wavelength of 550 nm, 
can be obtained by setting the thickness of the titanium 
dioxide tin film at a value of X to 5 Inihecase 
that the thickness of the photocatalyst structure is less 
than 0 1 M n sufficient photocatalytic activity cannot be 
obtai »ed. ^contrast, in the case that the thickneas of 

IB 
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the photocatalyst structure exceeds 5 u m. »•** 
traneaittauce corxespouduts to the lightiaving the 

wavelength of 550 nm is less than 50 54. Consequently, 
etiffident transparency cannot be obtained. 
[001?] 

in accordance wit* Structure S, the titanium dioxide 
fibn contains anatase crystals. Thereby, tbe 
photocatalyst structure can further excels in 
photoeatalytic activity. 

[0018] 

la accordance with Structure 4. a precoat film 
having transparency is disposed between the transparent 
substrate and the titanium dioxide film. Thus, the 
material of the transparent substrate penetrates into the 
titanium dioxide film, so that the photoeatalytic 
activity of Ae titanium film can be prevented from being 
degraded. Moreover, the range of materials of the 
transparent substrate to choose can be extended. 
Furthermore, in the case of forming a titanium dioxide 
film directly on the transparent substrate, the titanium 
dioxide film should have a thickness sufficient to the 
extent that even when the material of the transparent 
substrate penetrates into the titanium dioxide film, the 
material cannot reach titanium dioxide on which charge 
separation action should be exerted. The present 
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invention, however, eliminates the necessity of making 
the film thick to such an extent. Thus, even when the 
titanium dioxide film is made to he extremely thin 
regardless of what kind of materials the substrate 
employs, the photocatalytic activity can he sufficiently 

enhanced. 
[0O19J 

In the case that the thickness of the precoat film 
is 0.02 to 0.2 ft m similarly as in the case of Structure 
5. even when taking materials, which can be employed as 
those of the precoat film, into consideration, the 
photocatalyst structure of the present invention can 
obtain advantages in that sufficient transparency can be 
ensured and that the penetration of the material of the 
substrate can be blocked. Conversely, in the case that 
the thickness of the precoat film is less than 0.02 u m, 
it is difficult to have a sufficient effect on the 
blockage of the penetration of the material. Further, 
even in the case that the film, whose thickness exceeds 
2 ft m, is formed, the photocatalyst structure cannot have 
further advantageous effects on the blockage of the 
penetration of the material. Moreover, an operation of 
forming the film becomes complicated. Furthermore, if 
the film is made of some material, the sufficient 
transparency cannot be ensured. 
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[0020] 

In the caae that glass is used as the transparent . 
substrate similarly as in the ease oi Structure 6. the 
e^emely -de range of application of the photocatalyst 
structure of the present invention can be achieved, as 
piously described. la this case, if the precoat film 
is made of Si02 similarly as in the case of Structure 7, 
the best transparency and the highest effects on the 
Blockage of can be secured. 
[0021) 

Purfkermore. in accordance with Structure 8, the 
titanium dioxide photocatalyst structure according to one 
of Structure 1 to Structure 7 can be relatively easily 

obtained. 
[0022] 

[Embodiment] 

(Example 1) 

HG. 1 is a partially sectional diagram for 
illustrating the configuration of a titanium dioxide 
photocatalyst structure according to Example i of the 
photocatalyst structure of the present invention. 
Hereinafter. Example 1 of the titanium dioxide 
photocatalyst structure and a method for producing this 
titanium dioxide photocatalyst structure will be 
described with reference to PIG. 1. 
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[0023] 

As shown in PIG. I. * *• «*» * **" e * ampl * * 
the titanium dioxide photocatalyst structure, a titanium 
dioxide mm 2 is formed on a transparent substrate 1. 

[0024] 

The transparent substrate 1 is a soda lime glass 
substrate whose thickness, longitudinal size and lateral 
size are 1, 100 and 50 nun, respectively. 

[0025] 

The film 2 is a titanium dioxide film »«* contains 
anatase crystals and is 4.8 *min thickness. 
[0026) 

The aforementioned titanium dioxide photocatalyst 
structure was produced by performing the following 

process. 

[0027] 

First, a transparent substrate I *** produced by 
extracting a soda lime glass whose thickness, 
fcngitudinal sise and lateral *i*e were 1 mm. 100 mm and 
50 mm, respectively. 

[0028] 

Next, a raw-material solution, in which the 
concentration of titanium ^propoxide was adjusted to 

0 5 mol/L. was made by dissolving titanium iseprepoxxde 
« ncetylacetone solvent as the material of a titanium 

20 
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dioxide film. 
[0029] 

„ 1W * x * k "" d " "° 

* ^ """" „, 

* «. *. »- » — 1~« 

^ aoatase crystals. 

[0030] 

Next, *e pbotocatalytic activity and l*Ht 
of the obtained titan** 

, _x were measuted by pentosans the 

pliotocatalyst struetuie were me 

following metlod. 
[0031] 

MetW f« Measuring Pnotocaialytic Activity 

•The titanium dioxide pnof catalyst *truct«e was 
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placed i* the attorn of a cylindrical 

i s L. in web a way that 
enclosure, whose capacity was 1.6 J* » 

the titani«» dioxide film 2 was the upper part thereof. 
Ken, acetaldehyde was introduced into this enclose so 

the concentration of acetaldehyde was 1300 PP*. 
Next , * e titanium dio*d. photocatalyst structure wa, 
radiated with light from above the surface of the 
titanium dioxide film * by — « *~ "■^ 
Ai that time, the illuminance measured on the surface of 
thetitauiu»dio»defilm2wasl.2mW/cm a . Thereafter, 
the ,uantttative analysis of acetaldehyde contained » 
the glass gastight enclosure was perform** by using a gas 
chromatograph with FID. Thus, the decrement of the 
^ouut of acetaldehyde. which was caused after the 
photocataiystst^cturewasirradiatedwithlight.was 
stained. Further, the obtained decrement of the amount 
«f acetaldehyde was defined as the degree of the 
photocatalytic activity. 
(00321 

Method for Measuring Light ftansmittance 

Itanium dioxide photocatalyst structure of Exampte 
! was tot set i» a device for measuring light 
taaaS nuttance. namely. XTV-31O0PC manufactured by 

Shimadra 
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to light. whose wavelength is 650 am, was measured. 

[ooaai 

According f a result of the measurement by the 
berein-aforementiened method, what is called the 

decomposition activity ™ W * ** 
^smittancewasTO*. Thus, it was verified that this 

dioxide photoeatalTs* structure had excellent 
pnotocetalytic activity end sufficient transparency. 
[0084,] 

Thou, the titanium dioxide photocatalyst structure 
was again placed in thehottom of the aforesaid 
^drlcal glass gastight enclosure hy beiug turned 

i a «bt that the titanium 

upside down, namely, on such a way »» 

dioxide film 2 faced the Bottom of the enclosure. 
Subsequently, the photoeatalytfe activity of the 
photocatalyst structure was measuxed hy irradiating the 
photocatalyst with light coming from the similar 
direction, namely, from the side, on which the titanium 
dioxide film * was not formed, of the transparent 
sohstratel. At that time, it was verified that the 
photocatalytic activity, whose value was nearly close to 
that ohtained in the aforementioned case, could be 
gained. This result shows that light applied from the 
back surface of the transparent substrate l contributes 
to the photocatalytic activity of the titanium dioxide 
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fi!» 2 as well as the li*t applied from the front 
surface of (he transparent snhstrate 1 and that the 
photocataiytie effect* thereof can be considerably 
enhanced by apply** *t* * both of the sides of the 
pfcotocatalyst structure. 
[0035] 

(Example 2 to Example 6) 

These Examples have structures, which ate similar to 
the struct^ of Example 1 except that the thickness of 
the titanium dioxide film 2 is different from that of the 

t of Example 1, and are produced by a product 
method similar to that employed in the case of Example 1. 
Data representing the thickness of each Example and 
, €W lts of measurement of the photoc-talytic activity and 
K 5 ht transmittanco are shown in JIG. 8 in tabula, form. 
Further, the detailed description of the data is omitted. 

[0086] 

As is seen from the table of FIG. 3. each of these 
Examples has excellent photoeatalytic activity and 
sufficient transparency. 

10037] 

(Example 7 to Example 12) 

These Examples have structures, which are similar to 
the structure of Example 1 except that a precoat film 3 
constituted by a Si02 film is formed between the titanium 
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dioxide film 2 and the transparent substrate 1 by a dip 
coating as illustrated in PIG. 2. and axe produced*, a 
p M ducia^ethod ^ *o that explored in the case of 

E Wel- Data «p«3eati^the thickness of each. 
BWe and results of measurement of *e photocatalytic 
activity and light transmittal are shown in HQ. 3 in 
tabular form. Further, the detaUed description of the 

data is omitted. 
[0038] 

As is seen from the table of PIG. 3. even when the 
tMciness of the titanium dioxide film 2 is reduced, 
excellent photocatalytic activities are exhibited, in 
comparison with Example 1 to Example « whic* do not have 
tuepreeoatfilmS. Thus, fnrther higher transparency 

can be ensured. 
[0039] 

(Example 13 to Example 14) 

These Examples have structures, which are similar to 
the structure of Example I except that the soda lime 
Slass of Example 1 is replaced with quart, glass, aud axe 
educed by a producing method similar to that employed 
in the ease of Example 1. Data representing the 
thichness of each Example and results of measurement of 
the photbcatalytie activity and light transmittance are 
,uowa in FIG. 3 in tabular form- Further, the detailed 
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description of tie data ia omitted. 
[0040] 

As is seen from the taWe of PIG- 3. even though tie 
Samples do not have the pxeeoat film S, excellent 
photocatalytie activities axe exhibited, because quart* 
glass is used as the material of the transparent 
substrate 1. In addition, these Examples have sufficient 
transparency. 

[0041] 

(Example 15) 

This Example has a structure, which ia similar to 
the structure of Example 1 except that the temperature at 
the time of forming the titanium dioxide film is changed 
into 380 degrees centigrade and that the step of 
performing heat treatment in the period of «0 minutes at 
the temperature of 400 degrees centigrade under air 
atmosphere is added, and are produced by a producing 
method similar to that employed in the case of Example 1. 
Data representing the thickness of each Example and 
results of measurement of the photocatalytie activity and 
light transmittance are shown an FIG. 3 in tabular form. 
Further, the detailed description of the data is omitted. 
[0048] 

As is seen from the table of PIG. 3. each of these 
Examples has excellent photocatalytie activity and 

26 
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sufficient transparency* 
[0048] 

(Comparative Example 1) 

Thi 6 Comparative Example has a structure. which is 
^ilar to the structure of Example 1 except that the 
thickness of the titanium dioxide film 2 is small, 
namely, 0.05 * m. and was produced hy a producing method 
similar to that employed in the case of Example 1. Data 
representing the thickness of this Comparative Example 
and results of measurement of the photocatalytic activity 
and light transmittance are shown in HO. 3 in tabular 
form. Further, the detailed description of the data is 

omitted. 
[0044] 

As is seen from the table of FIG. 3. this 
Comparative Example has good transparency tut exhibits 
little photo catalytic activity. 

£0045] 

(Comparative Example 2) 

This Comparative Example las a structure, which is 
bWm to the structure of Example 1 except that the 
temperature at the time of forming the titanium dioxide 
film was changed into 380 degrees centigrade, and was 
produced b, a producing method similar to that employed 
fa» the case of Example 1. Data representing the 
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thickness of this Comparative Example and results of 
measurement of the photostatic activity and light 
^ansmittance axe sbown in PIG. 3 in tabular form. 
Purther, *e detailed description of the data is omitted. 
Incidentally, according to a result of analysis of the 
titanium dioxide film 2. which waa produced in this 
based on X-ray diffraction, it was verified that this 
Sim 2 did not contained anataae crystals at all. 
10046] 

M is seen from the table of PIG. 3, this 
Comparative Example sufficient transparency but 
exhibits little photocatalytic activity. 

[0047] 

{Comparative Example 3) 

This Comparative Example has a structure, which is 
similar to *e structure of Example l except that the 
titanium dioxide film 2 was formed by using a method of 
applying 0.1 g of a solution, which was obtained by 
dispersing titanium dioxide powder (namely, -P-25' 
m anufactured by NIPPON AEBOSIL COEPOEATXON) into 
crater, 

to the substrate, instead of the pyre-sol method, and was 
produced by a producing method similar to that employed 
in the case of Example 1. Data representing the 
thickness of this Comparative Example and results of 




measurement of the photocatalytic activity and light 
transmittal are siown in FIG. 3 in tabular form. 
p«iher, the detailed description of tie data is omitted. 
10048] 

A, is seen from the rf ^ 3 ' ^ 
Comparative Example las high photocatalytic activity but 

has little transparency. 
[0049] 

Incidentally, there is no particular restrain on the 
material of the transparent substrate wed in the 
phetocatalyst structure of the present invention, as long 
as the transparent substrate has optically predetermined 
transparency. To adduce actual examples, pyrex glass, 
^axts glass, lead glass and s.da lime glass and so forth 
may be employed. Practically, inexpensive soda lime 
S lass is mainly used. Further, quarts glass, urhich 
contains no alkaline ingredients such as sodium, and 
borosflicate glass, which contains little alkaline 
ingredients such as sodium, may be preferably used in the 
glass substrate. 

[0050] 

the case where the transparent substrate is made 
of soda lime glass, the photocatalytic action of the 
titanium dioxide film is hindered by alkaline ingredients 
such as sodium, which are diffused from the substrate. 



28m, 10/1/2002 

1.001 2002811:44 



N 9 099zbshP. Hi 



« 4 1 



♦ • • 



ft is. therefore, preferable fox preventing the diffusion 
to provide a precoet film on the transparent substrate. 
In this case, the photocatalyst structure can be 
advantageously used even when the transparent substrate, 
in -which alkaline ingredients such aa inexpensive soda 
lime glass, may be diffused. 
[0051] 

The titanium dioxide film has a thickness of 0.1 to 
5 „ m. If not more than 0.1 * m, the film exhibits the 
transparency but has low photoeatalytic activity. Thus, 
the photocatalyst structure loses the practicality. In 
contrast, if exceeds Sum, the photocatalyst structure 
has advantages in that high photocatalytie activity can 
he maintained and in that the risk of coloration due to 
optical interference can be reduced. The photocatalyst 
structure, however, tends to have defects in that the 
film becomes clouded end inclined and that it takes much 
time to peel and form a film. 

[0058] 

Further, it is possible to utilise a titanium 
dioxide, which is provided in the vicinity of the surface 
of the film, as a photocatalyst structure by setting the 
tiickness of the titanium dioxide film, which should he 
farmed, at a large value, for example. Q.S » » to 5.0 u m 
and by setting the concentration of sodium, which is 
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contained in the titanium dioxide film, in such a maMei 
as to change decxeasingly in the direction of thickness. 
In this case, the precoat film can he omitted. 
[0053] 

The precoat film has a thicknew of 0.02 Mmto 0.2 
pm . If the thickness thereof is not more than 0.02 * m, 
the ability to prevent the diffusion of alkaline 
ingredients is reduced. In contrast, if the thickness 
thereof is not less tban 0.2 * «. there is no hindrance to 
the ahility to prevent the diffusion of alkaline 
ingredients. However, the light transmissivity is 
«d»eed and an operation of forming a film hecomes 
complex. Because the diffusion of alkaline ingredients 
^ as sodium from the substrate is prevented by the 
precoat film, the thickness of the titanium dioride film 
eanhexedueed. Moreover, the titanium dioxide film, 
^hose transparency is farther higher in the visible 
range, can be formed. 
[0054] 

As long as the light transmittanee in the visible 
range is high and the diffusion of sodium from the 
substrate can be prevented, there is no restrain o» the 
composition of a precoat film. For instance, a silicone 
dioxide film, a tin oxide film, an indium-doped tin oxide 
fito, an indium oxide film, a tin-doped indium oxide 
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SUo. . ^anium oxide film. an aluminum oxide film. 
^ oni «»o»ide fi I»and.Si02 + MO Xfi lm(incident a lIr.MOX 

presents at least a kind of metal* oxide selected 

from the group of P**, B205, Zr02. Ti02 and Ta*05> can be 

dtedaaexampleeofthepreeoatxilm. Pxom the view of 

tie ab aity to pxerent the diffusion of alkaline 

i^ediente, • silicone dioxide film ox a film. » 

6 % by weight of P205 is added to Si02. is particularly 

preferable. 
[0055] 

Moreover, the condition necessary to obtain a 
titanium dioxide film, which ha* a high photocatelytic 
activity, ie that this film contain, anatase crystals. 
When the temperature, at which the film is formed or at 
„hieh the heat treatment is performed after forming the 
film, is high, the anatase crystals causes phase 
transition. As a result, a part of the anatase crystals 
are changed into rutile crystals. Therefore, an anatase- 
typ. titanium dioxide film containing mtile crystal, is 
preferably used. It is. how.™, undesixed that all of 
^ anatase crystals are changed into rntile crystals at 
a M gh temperature. This is because of the fact that u, 
sw * . case, owing to the phase transition, the titanium 
tforfde becomes clouded and thus the light transmitteace 
in the visible range is decreased. 
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[0056] 

In the case of the photceatalyst structured the 
present invention, alitor the pyro-scl method to the 
most stable fox forming a film, commonly known method* 
fot forming fib" can be employed for forming both of the 
pxecoat film and the titanium dioxide film- Namely, a 
ottering method, an electron beam evaporation method, 

an ton plating method, a chemical vapor deposition method 
(CVD method), a spraying method, a dipping method aad so 
forth may be applied to the pnotocatalyet structure of 
the present invention by devising a pxoeees for 
controlling the formation of a film- Incidentally, 
methods, such as the pyro-sol method and the spraying 
method, for spraying a mist at normal pressure are 
preferable, because the application of such methods to 
the ease of actually and industrially manufacturing 
photocatalyst structures can be achieved by spraying a 
mist during a glass plate is still hot in the process of 
cooling the glass plate which is being produced. 
Additionally, ©informing methods, in which a substrate 
should be maintained at a high- temperature, which is not 
lower than the softening temperature of glass, for 
^sample, at a high temperature, which is not lower than 
600 degrees centigrade, are undesired because such 
methods cause the deformation of the substrate and 
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accelerate the diffusion of alkaline ingredients. 
[0057] 

What is called the pyro-aol method is desired as the 
method for M{ film*. *« *• lowing reasoas - 
Krrt, inexpensive titanium alkcoride of high purity is 
used as the material. Further, the films can De formed 
at a high speed. Moreover, a high-activity titanium 
dioxide film containing anatase crystals can be obtained 
in such a way as to be highly uniform and have a large 
area. Furthermore, the formation of tbe films can he 
achieved at a temperature which is not higher than the 
softening temperature of glass, namely, at a temperature 
which is 400 to 560 degrees centigrade or so. Such a 
temperature is an adequate temperature at which the 
diffusion of sodium can be retarded. Further, the 
diffusion thereof can be blocked by a precoat layer. The 
pyro-sel method is a kind of an atmospheric pressure 
chemical vapor cracking method (a CVD method) and is to 
form the precoat film ex the titanium dioxide film by 
carrying out the process of performing the vapor-phase 
transport of a mist, which has undergone the ultrasonic 
atomteatiott. to the substrate, which has been heated to 
400 to 550 degrees centigrade, and further thermally 
decomposing the mist on the substrate. 

[0058] 
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Chemicals for producing precoat films are as 
foUowa. Namely, chemicals for producing Si02 are silicoa 
alkptfaes. ~ch as Si<OCH3)4. Si(OC3H5)4 and 
SiCH3(OCH3)4, 

and condensation products thereof and sfllcou halide. 
p^er, cecals for producing ti» oxide are Su<OCH3>4, 
S n<OC2H5>4. Sn<OC4H9>4, Sn<AcAc)4. Sn<OCOC4H15)4. Sn 
C14and 

se<m . Moreover, Cicala for producin B indium oxide 
^ m ( OCH3>3. I»<OC2H5>8, In CIS. In<AeAc)S, In<NO)3nH20 
and 

•o forth. Furthermore. che»icels for prodndn Be ««amu« 
oxide are Ge(OC2H5)4. Ge<OC4H9>4. <*C14 and so forth. 
* uriher, chemicals for producing aluminum oxide are 
jU(OC2H5)3. AlCxOC3H7)S, A1(0C4H9)3, Al(AcAe)3, 
Al{NO3)89H20 

aadaoon. Moreover, chemicals for producing phosphorus 
P entaoxideareP(OC2H 5 )3.PO(OCH3)3,PO(OC2H 5 )3,H3P04, 

P203 

and so forth. Additionally, chemicals for producing 

oxide are B(OCH3)3, B(OC2HB)3. B(OC4H9)3. 

B(AcAe)8, 

BC13.H3B03andsoon. Amon* these, usually »vailahle 
chemicals are need. IneidentaUy. in the chemical 
formula, -AcAc- deignatee C5H702 (namely, 
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acetylacetonato). 
[0059] 

Manufacturing chemicals fox producing titanium 
dioxide films are as follow* titanium alkoxides snob as 
H(OC2B6)4. Ti(iOC3H7)4. TK(QC4H9>4 aad Ti(OC4H9)2C12; 
addition 

products and complexes obtained from titanium alkoxide 
and glycols such as ethylene glycol, ox adds suck as 
acetic acid and lactic add, or alkanolsiminee such as 
triethanolamine, or b-diketons such as acetylacetone; and 
chemicals obtained by dissolving chlorides such as TiCU 
in alcohol for general application, such as etbancl. or 
in solvent* such as acetic ester and b-diketone. In view 
of high activity and transmittanee. b-diketone complex 
solution obtained by dissolving titanium alkoxide ia 
acetylacetone ia particularly preferable. 
[0060] 

Further, various known methods for accelerating a 
photocatalytie function can be employed appropriately. 
Per example, a trace quantity of metal (for example, 
gold, platinum, palladium, silver, copper and so forth) 
nay bo carried by the titanium dioxide film. 

[0061] 

Moreover, ITO film may be formed on the precoat 
layer so as to impart an electromagnetic-wave shielding 
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action thereto and thu. impart eonduetivenese thereto. 
Fnxihermore, a titanium dioxide film may be formed 

thereon. 

[0062] 

Th. titanium dioxide ptotocatulyst structure can be 
used in, fox example, plate glass (for a Wow pane), 
instrument*, Kght fixture* such as a fluorescent lamp 
end a light bulb, and a lens and a glass. 

[0063] 

[Effects of The Invention] 

As stated in detail in the foregoing description of 
<Ke embodiments, characteristic aspects of the titanium 
dioxide photocatalyst structure of ihe present invention 
and the methods for producing the same according to the 
present invention reside in that a titanium dioxide film 
„aieh has at least photocatalytie activity and 
^nltaneously has light tranemittance corresponding to 
light having a wavelength of 550 nm, which is not less 
than 50 *. and is formed on a transparent substrate. 
Thereby, excellent photocatalytie action and optical 
transmisaivity can be obtained. Moreover, members 
composing various structures such as a glass window. 
vAich axe especially required to have optical 
txansmisaivifcy, can further have photoeatelytie 
activities. This respect is very important from the view 
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of substantial enhancement of the light irradiation 
efficiency and the transparency. 
(BBIEF DBSCMPWOJT OP THE DRAWINGS] 
[FIG. 1) 

It is a partially sectional diagram for illustrating 
the configuration of a titanium dioxide photocatalyst 
structure according to Example 1. 

EFIG.8) 

It is a partially sectional diagram for illustrating 
the configuration of a titanium dioxide photocatalyst 
structure according to Example 7. 

IFHJ- 3] 

It is a diagram for showing a table in which the 
thichness of films of Examples according to the present 
invention and Comparative Examples, results of 
measurement of photocatalytic activities thereof and 
xesutt* of measurement of the light transmittanee thereof 
axe presented. 

(Description of Characters] 

1 ... a transparent substrate, 2 ... a titanium 
dioxide film, 3 ... a preeoat film 
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[DOCUMENT NAMB) ABSTRACT 
[ABSTRACT] 

[OBJECT] It is to provide a titanium dioxide 
photocatalyst structure that lifts excellent photocatalytic 
actions and light txansmissivity and enables members of 
various substances, which require transparency 
particularly, to hare photocatalytic actions, and is also 
to provide a method fox producing such a photocatalyst 
stracture. 

ISTRUCTUEBJ At least a titanium dioxide film 2 having 
photocatalytic activity, whose light transmittance 
corresponding to light having a wavelength of 550 nm is 
not less than 50 % and thickness is 1 to 5 jimorso.is 
formed on a transparent substrate 1 constituted by a 
glass plate or the like. Thereby, excellent 
photocatalytic action and optical txansmissivity can he 
obtained. Moreover, members composing various structures 
roeh as a glass window, which are especially required to 
have optical transmiasivity, can further have 
photocatalytic activities. 
{SELECTED DRAWING] PIG. 1 
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